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MEANS FOR TRANSFORMER RECTIFIER 
UNIT REGULATION 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to direct current (DC) power 
supplies and, more speci?cally, to DC poWer supplies 
Wherein novel output boost and input buck regulation means 
are used to convert alternating current (AC) poWer to 
regulated DC poWer in an aerospace environment. The 
present invention has particular use With poWer regulation 
applications in the ?eld of aerospace technology. 

BACKGROUND OF THE INVENTION 

Years ago aircraft electrical systems operated on loW 
voltage DC poWer, for example, 6, 12 or 28 volts. HoWever, 
the burgeoning use of electrical instrumentation such as 
radios increased the amount of poWer required on the 
aircraft. Oftentimes the added poWer demands could be 
managed by the loW voltage DC poWer systems in spite of 
the modest capabilities of distribution systems. Soon, 
hoWever, electric motors and other high poWer demand 
equipment began to appear on aircraft thereby making the 
use of loW voltage DC poWer and the concomitant distri 
bution system impractical. For example, a modest amount of 
poWer such as 6 kiloWatts required large, heavy and 
in?exible cables to carry currents in excess of 200 amperes. 
To address these neW poWer needs, AC aircraft poWer 
systems distributing poWer at 115 volts AC, three phase, 400 
hertZ (HZ) began to emerge. These AC systems distributed 
and sWitched poWer easily. Furthermore, the use of 400 HZ 
alloWed electromagnetic devices such as motors and trans 
formers to remain of modest siZe and Weight. 

While most instruments operate on 115 VAC and 400 HZ, 
during emergencies and When no engines are running, poWer 
is supplied by batteries. DC poWer is therefore needed to 
keep these batteries charged and also to supply poWer to DC 
devices on the aircraft, e. g., engine starters. Currently the 
most Widespread means of this conversion is the transformer 
recti?er unit (TRU). 

The purpose of a TRU is to convert AC poWer to DC. For 
the purposes of the description herein, AC poWer is taken to 
be 115 volts, line to neutral, three phase 400 HZ. DC poWer 
is taken to be 28 volts DC. These values are typical in 
aerospace applications and as such may a depending on the 
desired end use application. Such a TRU 100 is shoWn in 
FIG. 1 (FIG. 1) and represents a con?guration that has been 
Well knoWn in the art for decades. The three phase AC input 
is connected to a transformer primary 101 that may be 
Wound in either a star or a delta con?guration. There are tWo 
secondary Windings, one star 102 and one delta 103 Which 
are connected to six pairs of recti?ers 104 to provide 28 
volts. Rectifying the six phases from the star and delta 
Windings leads to a small ripple voltage that is 100 (1—cos 
15)% of the output Which corresponds to 0.95 volts peak to 
peak for a 28 volt system. 

This TRU con?guration has become a standard through 
out the aerospace industry for several reasons. First, the 400 
HZ AC frequency of aircraft systems affords the use of a 
small, light transformer. Second, the system is inherently 
very simple. Third, the semiconductor diodes used as rec 
ti?ers are rugged and can Withstand very high overloads for 
sufficient time to clear circuit breakers or start aircraft poWer 
units. Fourth, due to the combination of the star and delta 
Wound secondaries the output ripple is inherently loW, 
thereby obviating the need for large ?lter capacitors. Fifth, 
the input poWer factor (a measure of the phase angle 
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2 
difference betWeen input current and input voltage and also 
a measure of currents at harmonics of the input frequency) 
is close to unity With loW input harmonic distortion. Last, the 
ef?ciency of the system is high. HoWever, a draWback of this 
TRU con?guration is that the output voltage is not regulated. 
It varies With the variations of input voltage and the output 
load, as increasing current causes increasing voltage drops 
across the transformer Windings. 

Regulating a TRU is no easy task if its bene?cial features 
are to be retained. Electronic poWer supplies that have a 
unity poWer factor AC input and a regulated DC output are 
commonly available, but do not have the high efficiency of 
the TRU—90% and higher—nor do they provide high 
output currents that are ten times the rated output and 
greater. 
One system that is presently in use has SCR (silicon 

controlled recti?er) sWitches in the transformer primary 
circuit in order to regulate the transformer input voltage. 
This particular system manufactured by Leland Electrosys 
tems Inc. (Moore et al. US. Pat. No. 5,541,830) provides 
good regulation and Will supply the required high overload 
currents but is inef?cient, has poor input poWer factor and 
high input current harmonics. KnoWn AC/DC poWer con 
verters have utiliZed TRU’s comprising a transformer hav 
ing a primary Winding Which receives input AC poWer and 
one or more secondary Windings Which are coupled to one 
or more recti?er circuits. The recti?ed transformer output is 
thereafter ?ltered and regulated to produce DC output 
poWer. None hoWever, embody the regulation means taught 
presently. 
One type of regulated AC/DC poWer converter is dis 

closed in Terry et al. US. Pat. No. 2,642,558. This poWer 
converter includes a transformer having a primary Winding 
coupled to an AC source and multiple secondary Windings, 
one of Which is coupled to a recti?er bridge for providing 
approximately half the desired output voltage at full load. A 
pair of additional secondary Windings are coupled to the 
anodes of a pair of gas discharge tubes, the cathodes of 
Which are coupled together to an output ?lter of the device. 
The gas discharge tubes are ?red at a variable point in each 
half cycle of the AC Waveform to in turn supply the proper 
additive voltage to the output of the full Wave bridge so that 
the output voltage is maintained at a regulated value. 

Yenisey US. Pat. No. 3,270,270 discloses a regulated 
poWer supply Wherein an input AC poWer source is coupled 
to a ?rst transformer primary Winding. The AC poWer source 
is further coupled through a controlled sWitch to a second 
primary Winding of the transformer. A pair of secondary 
Windings of the transformer are coupled through recti?ers to 
output terminals of the device. A main portion of the output 
poWer is provided through the ?rst primary Winding While 
intermittent or variable poWer modulated by the controllable 
poWer sWitch is provided through the second primary Wind 
ing and combined With the main output poWer to regulate the 
same. In a further embodiment of the poWer supply, inter 
mittent poWer is provided through each of a pair of primary 
Windings, one of Which adds intermittent poWer to the 
unregulated poWer and the second of Which subtracts inter 
mittent poWer from the unregulated poWer. 

Another regulated AC/DC poWer supply is disclosed in 
Higuchi et al. US. Pat. No. 4,232,363. Higuchi et al. teach 
a closed loop regulated AC-DC poWer supply comprising a 
poWer transformer having tWo secondary Windings and a 
compensating transformer having tWo compensating Wind 
ings individually in a series circuit With the principle poWer 
supply secondary Windings. The other secondary Windings 
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on the power transformer supply exciting Windings for 
compensating variations in output potential by control of the 
compensating transformer circuitry Which has an input con 
nected across the load and an output for varying the AC 
supply to the exciting Windings inversely of variations in 
load potential. A differential amplifying circuit is used for 
determining the load potential error and driving a transistor 
effectively to insert a DC component in inverse feedback 
relationship into the exciting Windings of the compensating 
transformer. 

Glennon et al. U.S. Pat. No. 4,739,466 teaches a regulated 
AC/DC converter including a transformer having a primary 
Winding Which receives AC input poWer and a secondary 
Winding, a recti?er coupled to the secondary Winding for 
rectifying the output of the same, a sWitching circuit coupled 
to the recti?er for developing trim voltage Which is com 
bined With the recti?ed output of the secondary Winding to 
develop voltage-regulated DC output poWer and a sWitch 
control circuit for controlling the sWitching circuit. The 
sWitching circuit develops trim voltage Which aids the 
recti?ed secondary Winding output When such output is 
beloW a desired level and Which opposes the recti?ed 
secondary Winding output When such output is above the 
desired level. 

Aboost converter poWer supply is disclosed in Bassett et 
al. US. Pat. No. 5,446,366. Bassett et al. teach a boost 
converter poWer supply circuit that uses energy from a diode 
recovery current Which ?oWs in the blocking diode at diode 
commutation to discharge the capacitance associated With 
the main sWitch of the boost converter in order to achieve 
Zero voltage sWitching thereby reducing high frequency 
ripple. The diode recovery energy is initially captured in an 
inductor, is then transferred to a capacitor, and is then 
transferred back to the inductor prior to the main sWitch 
being sWitched on. Furthermore, a control circuit for con 
trolling a boost converter to achieve poWer factor correction 
is disclosed Which does not use a high gain input current 
feedback loop. 

Vinciarelli et al. US. Pat. No. 5,786,992 teaches a poWer 
conversion apparatus consisting of boost conversion ele 
ments for effecting a boost conversion of poWer originating 
from a varying voltage source; additional conversion ele 
ments for also effecting conversion of poWer originating 
from the varying voltage source; and circuitry for selectively 
con?guring the conversion elements With respect to delivery 
of poWer to a load to achieve greater conversion ef?ciency 
than if all of the poWer delivered to the load Were con 
strained to How through the additional conversion elements 
and at least some of the boost conversion elements. In 
another aspect poWer is converted from a voltage source 
having a predetermined source voltage range, and delivered 
to a load via tWo sets of poWer conversion elements, each set 
for effecting conversion of poWer from the voltage source, 
at least one of the sets having an input operating voltage 
range narroWer than the source voltage range. The apparatus 
includes control circuitry for con?guring and recon?guring 
interconnections of the tWo sets With the voltage source and 
the load to provide an input operating voltage range for the 
apparatus Which is greater than the input operating range of 
the set of poWer conversion elements having the narroWer 
input operating voltage range. In another aspect, the input 
voltage operating range is enhanced for a poWer conversion 
circuit Which has tWo sets of poWer conversion elements 
arranged to share poWer delivered to a load. The circuit is 
selectively con?gured With the tWo sets in series or not in 
series in a manner so that the input voltage operating range 
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4 
of the poWer conversion circuit is broader than the input 
voltage operating range of either of the sets of poWer 
conversion elements. 

UtiliZing ?yback technology, Cross US. Pat. No. 5,796, 
595 teaches an interleaved ?yback electrical poWer con 
verter system having a plurality of ?yback poWer converters 
operated in continuous mode, each converter utiliZing a 
poWer sWitch operated under Zero voltage sWitching condi 
tions. The interleaved ?yback poWer converter system is 
suitable for high poWer, high frequency applications. 
HoWever, Cross requires that multiple large transformers be 
series connected to appreciably increase ef?ciency. 

Wilcox et al. U.S. Pat. No. 5,847,554 teaches synchronous 
sWitching regulator circuits With voltage-drop sensing cir 
cuitry in Which the current sensing element typically in 
series With a load is eliminated. Voltage drops are measured 
across the regulator’s synchronous sWitching element, and, 
in some cases, also across the regulator’s main sWitching 
element. Measured voltage drops are used to derive a current 
analog signal indicative of the amount of current supplied by 
the regulator. The current signal is then compared With a 
threshold value to determine Whether the regulator’s duty 
cycle should be varied. 

Another AC/DC poWer supply is disclosed in Slack et al. 
US. Pat. No. 5,864,473. Slack et al. teach a poWer supply 
that contains tWo stages Which convert AC poWer to a 
loW-voltage, high-current DC output. The ?rst stage is an 
AC to DC converter using a full Wave bridge recti?er to 
convert the voltage from the AC source to an intermediate 
raW DC voltage. The second stage is a DC to DC forWard 
converter using a transformer With its primary Winding 
connected to the intermediate raW DC voltage through a 
sWitch Which is cycling “on” and “off” at a predetermined 
frequency. During the sWitch “on” portions of the cycle a 
current ?oWs in the primary Winding poWering the output 
and charging an inductor Which is connected to the second 
ary Winding. When the sWitch is turned “off”, no current 
?oWs through the transformer and the load is poWered by the 
energy stored in the inductor. A secondary coil is magneti 
cally coupled to the inductor and has an induced voltage 
proportional to the output voltage. An IC controller is used 
to control the duty cycle of the sWitch based on the voltage 
in the secondary coil Which determines the poWer supply 
output. The duty cycle of the sWitch is varied in response to 
variations in the load. 

Another ?yback design is disclosed in Moreau U.S. Pat. 
No. 5,867,374. Moreau teaches a method and apparatus for 
providing a recti?ed voltage to a ?yback sWitch-mode 
supply circuit With poWer factor correction. The invention 
comprises a rectifying bridge and a charge path for charging 
a capacitor from the recti?ed voltage obtained from the 
output of the bridge. The degree of poWer factor correction 
is achieved by selecting a time at Which either the rectifying 
bridge output or the capacitor Provides a voltage to the 
supply circuit. The input to the supply circuit is a primary 
Winding having n1 turns betWeen an upper and intermediate 
tap, and n2 turns betWeen an intermediate and loWer tap. The 
capacitor is connected to the upper tap via a diode, a ?rst 
rectifying bridge output is connected to the intermediate tap 
via a diode, and a second rectifying bridge output is con 
nected to the loWer tap via a controllable sWitch. When the 
recti?ed voltage is greater than a threshold voltage related to 
the peak recti?ed voltage by the ratio n2/(n1+n2), the 
rectifying bridge outputs provide the voltage to the supply 
circuit. When the recti?ed voltage is loWer than this thresh 
old voltage, the capacitor provides the voltage to the supply 
circuit. In this manner, the timing of sources providing 
voltage to the supply circuit and hence the degree of poWer 
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factor correction is determined by the ratio of the primary 
Winding turns n1 and n2. Moreau’s rationale behind regu 
lation is to account for varying supply voltage rather than 
varying output load as is taught. 
HWang et al. US. Pat. No. 5,903,138 teaches a tWo-stage 

sWitching regulator having loW poWer modes responsive to 
load poWer consumption. A ?rst stage of the regulator is a 
poWer factor correction (PFC) stage. A second stage is a 
pulse-Width modulating (PWM) stage. When a load draWs a 
high level of current, sWitching in both stages is enabled. 
Under certain conditions, sWitching in either one or both of 
the stages is disabled by the duty cycle for the corresponding 
sWitch falling to Zero. When sWitching in both stages is 
enabled, as in a normal mode, sWitching in the PWM stage 
is then disabled in response to an error signal falling beloW 
a ?rst error threshold. When sWitching in the PFC stage is 
enabled and sWitching in the PWM stage is disabled, as in 
a ?rst loW poWer mode, sWitching in the PFC stage is then 
disabled in response to a feedback voltage rising above a 
?rst feedback threshold. When sWitching in both stages is 
disabled, as in a second loW poWer mode, sWitching in the 
PWM stage is then enabled in response to the error voltage 
rising above a second error threshold, higher than the ?rst 
error threshold. When sWitching in the PFC stage is disabled 
and sWitching in the PWM stage is enabled, as in a third loW 
poWer mode, sWitching in the PFC stage is enabled in 
response to the feedback voltage falling beloW the second 
feedback threshold. The rationale behind HWang et al.’s 
multi-state regulation is clearly to conserve poWer in periods 
of loW current draW. 

In vieW of the foregoing, clearly there exists a need for an 
improved DC poWer supply that addresses the shortcomings 
of the prior art, e.g., poor ef?ciency and high complexity. 
Such improvements serve not only to enrich the art but also 
to provide a more ef?cient and reliable poWer supply for 
particularly the aerospace industry. 

SUMMARY OF THE INVENTION 

The present invention relates to TRU regulation means 
that retain the bene?cial features of an unregulated TRU, 
e.g., high efficiency, While providing a regulated output. An 
approach in accordance With the present invention that 
retains the good input and overload characteristics of the 
conventional TRU While providing output voltage regula 
tion is the output boost regulated transformer recti?er unit 
(RTRU). This design takes the output from a conventional 
TRU and When the output drops beloW 28 volts DC an 
additional electronic sWitching converter boosts the output 
up to the 28 volt DC level. Under overload conditions a 
bypass diode returns the operation to that of a conventional 
TRU to maintain the required high current. 
While the TRU section has been described as 

conventional, it has to supply more poWer than a TRU 
standing alone because, in addition to providing current to 
the load, it also has to supply current to the boost converter. 
Thus, at loW input line and full output load the total input 
requirement for the TRU is increased by about 20%. 

The output boost RTRU system satis?es most of the 
requirements for an RTRU. The input poWer factor, input 
current distortion and output overload current are the same 
as in a conventional TRU and it has good output regulation. 
It is someWhat heavier because the transformer has to supply 
20% more current to feed the boost and the boost compo 
nents themselves constitute a signi?cant Weight. The main 
draWback lies in the overall efficiency. The forWard voltage 
drop of diodes adversely affects ef?ciency in a TRU because 
this voltage drop is a large percentage of the 28 volt output. 
The boost circuit decreases ef?ciency by adding a second set 
of diode losses to those in the TRU section. The overall 
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6 
ef?ciency is expected to drop by 5 or 6% to about 87 or 88%. 
This ef?ciency is greater, hoWever, than that of the SCR 
sWitching system disclosed in Moore et al. 

Another embodiment of the present invention using alter 
nate regulation means Will noW be described. In a ?rst 
embodiment, three phase AC poWer is fed through series 
connected delta primary coils of a main and auxiliary 
transformer causing an induced current in the tWo secondary 
coils of each transformer. Secondaries of the transformers 
are Wound in a combination star and delta con?guration to 
reduce output voltage ripple. This leads to a con?guration 
knoWn in the art as a tWelve pulse system. TWo comple 
mentary six pulse systems are combined using a single 
transformer using bridge connections that do not require a 
secondary neutral point. Since a thirty degree phase shift is 
obtained With a very simple transformer connection and 
Without an increase of the equivalent transformer rating, this 
circuit is very economical. In this disclosure, the secondaries 
of each transformer (main and auxiliary) are Wired in series. 
Furthermore, the use of delta primary coils avoids excitation 
unbalance, i.e., they are capable of carrying a current of any 
Waveshape. 

The outputs of the main and auxiliary secondaries are then 
recti?ed to raW DC poWer by main and auxiliary recti?ers, 
respectively. The outputs of these recti?ers are parallel 
connected. Together the main transformer and main recti?er 
form a main TRU, While the auxiliary transformer and 
auxiliary recti?er form an auxiliary TRU. The regulation 
means operates by controlling the impedance of the auxil 
iary TRU by transferring output from the auxiliary TRU to 
the DC output via a conventional ?yback converter consist 
ing of a sWitch, inductor, and a diode. A control system 
senses the DC output voltage. When the DC output voltage 
is high current through the ?yback inductor is decreased 
thereby reducing the load on the auxiliary TRU. Thus, the 
impedance of the primary coil of the auxiliary transformer is 
increased along With its voltage causing the voltage across 
the main transformer to decrease leading to a reduction of 
the DC output. When the DC output voltage is loW current 
through the inductor is increased causing the load on the 
auxiliary TRU to increase thereby decreasing the impedance 
of the primary coil of the auxiliary transformer. Thus, the 
voltage across the primary coil of the auxiliary transformer 
decreases causing the voltage of the primary coil of the main 
transformer to increase ultimately causing the DC output 
voltage to increase. The regulation means operates only in 
the steady state condition; hoWever, an alternate embodi 
ment is disclosed that does not require steady state condi 
tions. A second set of secondary Windings are added to the 
auxiliary transformer With a corresponding set of recti?er 
diodes connected to the DC output. This limits the voltage 
across the auxiliary primary by the turns ratio of the main 
and auxiliary transformers under short circuit and startup 
conditions thereby preventing excess stress on the circuit 
components. 

Thus, it is an object of this invention to provide an 
improved regulated poWer supply. 

It is a further object of this invention to provide a 
regulated poWer supply having improved ef?ciency, 
improved reliability, and reduced complexity. 

Furthermore, it is an object of this invention to provide an 
improved regulated poWer supply having a poWer factor 
close to unity, loW input current harmonics, and high output 
current. 

Further, it is an object of this invention to provide a 
regulated poWer supply having novel output boost regula 
tion means. 

In addition, it is an object of this invention to provide a 
regulated poWer supply having novel input buck regulation 
means comprising a ?yback boost system Within an overall 
buck control. 
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It is yet a further object of this invention to provide an 
improved power supply operable in both steady and non 
steady state conditions. 

It is another object of this invention to provide an 
improved regulated poWer supply for use primarily in an 
aerospace environment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is best understood With reference to 
the detailed description beloW, Which is intended to be read 
in conjunction With the set of drawings, in Which: 

FIG. 1 (FIG. 1), above disclosed, is a schematic diagram 
of a conventional transformer recti?er unit (TRU); 

FIG. 2 (FIG. 2) is a schematic diagram of an output boost 
regulated transformer recti?er unit (RTRU); 

FIG. 3 (FIG. 3) is a schematic diagram of an input buck 
RTRU; and 

FIG. 4 (FIG. 4) is a schematic diagram of an input buck 
RTRU With startup Windings recti?er. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The invention currently disclosed Will noW be described 
With reference to the draWings Wherein FIG. 2 schematically 
depicts a ?rst embodiment of an aerospace DC supply 200 
in accordance With the present disclosure. In this system the 
TRU 100 is the same as that shoWn in FIG. 1 With a 
transformer ratio identical to a standard unit. The output is 
connected to a boost converter comprising transistor Q1, 
inductor L1, diode D1 and capacitor C1. It operates in a 
conventional boost converter fashion and provides a regu 
lated DC voltage at the output as the TRU converter output 
voltage falls. Under overload conditions the boost converter 
cannot supply more than its rated current so the output is 
automatically directly coupled to the TRU through diode 
D2. 

FIG. 3 schematically depicts another embodiment of the 
present invention using alternate input buck regulation 
means. The main transformer 301 and main recti?er 308 
form a main TRU 316 that operates With an input voltage 
equal to the loWest input line voltage requirement and has a 
28 volt DC output directly connected to the output terminals 
314. The auXiliary transformer 302 and auXiliary recti?er 
309 form an auXiliary TRU 317 having an AC input that 
depends on the line input voltage and varies betWeen Zero 
volts and the difference betWeen the highest and loWest line 
input requirement. In practice this comes to about 10 or 11% 
of the nominal input at terminals 305. The auXiliary trans 
former 302 ratio is chosen so that the output from the 
auXiliary recti?er 309 is approximately 50 volts DC When 
the transformer 302 input voltage is 10 volts AC. Both the 
main 303 and auXiliary 304 transformer primaries are con 
nected in series and so share the same primary current. The 
tWelve point recti?ers 308 and 309 on both transformers 301 
and 302 ensure a high input poWer factor and loW input 
current harmonic distortion. 

The system operates by controlling the impedance of the 
auXiliary transformer recti?er 317. To do this current is 
transferred from the auXiliary recti?er 309 output to the 28 
volts DC output 314 by a ?yback converter consisting of 
sWitch 311, inductor 310 and diode 313. This ?yback 
converter operates in a conventional manner. The control 
system 312 senses a voltage output reference 315. When the 
output voltage at terminals 314 is high the current through 
the ?yback inductor 310 is decreased. When the output 
voltage at terminals 314 is loW the current through the 
?yback inductor 310 is increased. 

Increasing the current through ?yback inductor 310 
increases the load on the auXiliary TRU 317 and thus 
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decreases the auXiliary TRU 317 impedance. With reduced 
primary 304 impedance primary 304 voltage decreases. As 
a result primary 303 voltage of main transformer 301 
increases and the output voltage at terminals 314 increases. 
Thus, the increase in current demand by the control system 
312 leads to an increase in the output voltage at terminals 
314. 

Conversely a high output voltage at terminals 314 leads to 
a reduced current demand by the control system 312, a 
reduced current through ?yback inductor 310, a reduced 
load on the auXiliary TRU 317. Thus the primary 304 
impedance of the auXiliary transformer 302 is increased, the 
voltage also increases, and the primary voltage across the 
main transformer 301 is decreased leading to reduced DC 
output at terminals 314. 
The advantages of this alternate regulation means over the 

previously disclosed output boost RTRU are as folloWs. 
Further referencing FIG. 3, the ?yback current through said 
?yback inductor 310 is smaller than the current ?oWing 
through the main recti?er 308 and it does not change the 
output voltage at terminals 314. Thus, there is no require 
ment for a large output capacitor to cope With surges. In 
contrast, the output boost RTRU requires a large output 
capacitor to cope With high frequency sWitching of the entire 
output current. The poWer sWitched may Well be the same 
but the input buck TRU sWitches at a much loWer current 
level and With consequently loWer losses. Furthermore, the 
input buck TRU has output circuits in parallel rather than in 
series. As much of the loss in a 28 volt DC output system is 
in the forWard voltage drop of the output recti?ers 308 and 
309, combining tWo outputs in parallel as in the input buck 
system does not increase the losses. Combining them in 
series as in the output boost RTRU causes a great increase 
in the loss. The input buck system puts the series connection 
in transformers 301 and 302 Where there is no intrinsic loss. 
Both RTRUs have one series and one parallel connection, 
but the input buck system puts the series connection Where 
it has the least deleterious effect. 
The input buck RTRU operates as described When in the 

steady state condition, i.e., When poWer has been applied to 
the unit for a suf?ciently long period of time for control 
poWer to be established With sWitch 311 sWitching to split 
the load betWeen the main 301 and auXiliary 302 transform 
ers. HoWever, during the startup period before suf?cient 
voltage is applied to operate the control system there is no 
load at all on auXiliary transformer 302. With a load applied 
to the DC output 314 and connected back to the main 
transformer 301 the load Will cause the main transformer 
primary 303 voltage to fall to Zero and the Whole of the input 
AC at terminals 305 Will fall across the auXiliary transformer 
primary 304. This Will cause the auXiliary transformer 302 
to saturate at some point. The auXiliary DC output from the 
auXiliary recti?er 309 Will go to an unacceptably high value 
and the regulation means Will not operate properly. 
A similar effect occurs When the output is short circuited 

at terminals 314. The control system 312 Will keep sWitch 
311 sWitching to maintain its maXimum current, but this may 
not be suf?cient to keep the auXiliary voltage at the auXiliary 
recti?ers 309 at an acceptably loW level as under these 
conditions the main transformer 301 is shorted out. 

In light of FIG. 4 Which depicts a schematic of an 
additional embodiment, an input buck RTRU With startup 
Windings recti?er 400, the aforementioned problem is 
resolved by adding a second set of secondary Windings 403 
to the auXiliary transformer 401 With a set of recti?er diodes 
405. AuXiliary TRU 406 noW comprises auXiliary trans 
former 401 and its primary and secondary coils 402, 403 and 
404, and recti?ers 405 and 309. By feeding the auXiliary 
transformer’s 401 recti?ed output to the DC output 314, the 
voltage across the primary under startup and short circuit 
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conditions is limited by the turns ratio of both the main 301 
and auxiliary 401 transformers. A short on the DC output 
314 shorts out both transformers 301 and 401, and also 
brings the auxiliary DC voltage at the recti?ers 309 to Zero 
thus preventing excess voltage stress on the circuit compo 
nents 310, 311, 312 and 313. The operation of the circuit is 
otherWise identical to the embodiment depicted in FIG. 3. 

The turns ratio for said extra secondary Windings 403 is 
derived as folloWs. Further referencing FIG. 4, the maxi 
mum DC voltage at auxiliary recti?er 309 is ?rst chosen. 
This state occurs at maximum AC input voltage at terminals 
305 and no load at output terminals 314. In this state the 
turns ratio for said extra secondary Windings 403 is chosen 
so the corresponding recti?er 405 does not conduct into the 
DC output at terminals 314, but is just at the point of 
conduction. 

Said extra secondary Windings 403 and recti?er 405 only 
conduct poWer during the turn on period—for a feW 
milliseconds—and during an output short circuit at terminals 
314. The turns ratio for said extra secondary Windings 403 
ensures that the auxiliary load current is signi?cantly less 
than the output from the main transformer 301 and main 
recti?er 308. 

While the RTRU embodying input buck regulation means 
disclosed herein utiliZed a boost converter to load the 
auxiliary transformer and dump poWer into the DC output, 
any converter con?guration may be used that Will accept DC 
from the recti?ed transformer output and convert it to a 
regulated voltage for connection to the DC output. This and 
other modi?cations should be apparent to those skilled in the 
art. 

While the present invention has been described With 
reference to preferred embodiments, Which embodiments 
have been set forth in considerable detail for the purposes of 
making a complete disclosure of the invention, such 
embodiments are merely exemplary and are not intended to 
be limiting or represent an exhaustive enumeration of all 
aspects of the invention. The scope of the invention, 
therefore, shall be de?ned solely by the folloWing claims. 
Further, it Will be apparent to those of skill in the art that 
numerous changes may be made in such details Without 
departing from the spirit and the principles of the invention. 

I claim: 
1. A regulated poWer supply circuit arrangement compris 

ing: 
a main poWer transformer having a delta Wound primary 

and tWo secondaries, Wherein ?rst of said secondaries 
has a star Wound con?guration and second of said 
secondaries has a delta Wound con?guration; 

an auxiliary poWer transformer having a delta Wound 
primary series connected With said main transformer 
primary and tWo secondaries parallel connected With 
said secondaries of said main transformer, Wherein ?rst 
of said secondaries has a star Wound con?guration and 
second of said secondaries has a delta Wound con?gu 
ration; 

main rectifying means coupled to said secondaries of said 
main transformer; 

auxiliary rectifying means coupled to said secondaries of 
said auxiliary transformer; 

output means coupled to said main rectifying means and 
said auxiliary rectifying means providing regulated DC 
output voltage; 
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output reference means to provide a signal indicative of 

output voltage amplitude; and 
?yback means to transfer current from said auxiliary 

rectifying means to said output means; 

Wherein said auxiliary transformer behaves as a series 
impedance in series With said main transformer to regulate 
the AC input to said main transformer. 

2. A regulated poWer supply circuit arrangement accord 
ing to claim 1 further comprising: 

said auxiliary transformer further comprising startup sec 
ondary Windings Wherein ?rst of said startup second 
aries has a star Wound con?guration and second of said 
secondaries has a delta Wound con?guration; and 

startup rectifying assembly coupled to said startup 
secondaries, Wherein the output of said startup rectify 
ing assembly is coupled to said output means. 

3. A regulated poWer supply circuit arrangement accord 
ing to claim 1 Wherein said main rectifying means comprise 
high speed diodes. 

4. A regulated poWer supply circuit arrangement accord 
ing to claim 1 Wherein said auxiliary rectifying means 
comprise high speed diodes. 

5. A regulated poWer supply circuit arrangement accord 
ing to claim 1 Wherein said ?yback means comprise a 
transistor, inductor and a diode. 

6. A regulated poWer supply circuit arrangement accord 
ing to claim 5 Wherein said ?yback means further comprise 
transistor drive means coupled to said output reference 
means to drive said transistor. 

7. A regulated poWer supply circuit according to claim 1 
further comprising input means coupled to said primary of 
said main transformer. 

8. A regulated poWer supply circuit according to claim 7 
Wherein said input means accept 400 HZ AC voltage. 

9. A regulated poWer supply circuit according to claim 7 
Wherein said input means accept three phase AC voltage. 

10. A method of regulating an AC to DC converter, 
comprising the steps of: 

accepting AC current; 
providing a main transformer and an auxiliary 

transformer, said main transformer and said auxiliary 
transformer having primaries series connected, said 
primaries further receiving said AC current, thereafter 
yielding a second AC current from parallel connected 
secondaries of said main transformer and said auxiliary 
transformer, said second AC current having a voltage 
amplitude directly proportional to the voltage ampli 
tude of said AC current; 

rectifying said second AC current from said secondaries 
of said main transformer and said auxiliary transformer 
to yield a DC current having a voltage amplitude 
directly proportional to the voltage amplitude of said 
second AC current; 

selectively varying the impedance of the primary of said 
auxiliary transformer to vary the voltage amplitude of 
said second AC current, thereby varying the voltage 
amplitude of said DC current; 

Wherein said step of varying regulates the voltage amplitude 
of said DC current. 


